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SUMMARY 
Program progress  on NASA Contract NAS 8-11337, **Study of Con- 
tamination of Uqwid Oxygen by Gaseous Nitrogen,'* f o r  the  first 
quar te r ly  repor t ing  period from 1 Ju ly  1964 t o  30 September 1964 
is presented i n  t h i s  repor t .  
A preliminary a n a l y t i c a l  model for t h e  system has  been developed 
which t akes  i n t o  account t h e  appl icable  heat  and m a e s  transfer mech- 
Ursam~. An existing Martin tank pressur ica t ion  computer program is 
being modified t o  inaorporate  both t he  transfer processes i n  the  
analytical model and property data f o r  l i q u i d  and garseous oxygen and 
ni t rogen over t he  wide range of condi t ions being s tudied.  
lar concern was the  development of expressions for t he  t ransport  
p roper t ies  of the  u l l age  gases at pressure l e v e l s  above the c r i t i o a l  
pressure. Most of the  desired expressions have been developed and 
exoel lent  co r re l a t ion  with experimental data has been obtained. 
O f  par t icu-  
Design of the  test  system has  been completed and precurement of 
tanks,  components, and other mater ia l  i s  proceeding. A l l  test  
equipment w i l l  be on hand and construct ion of the  t e s t  system w i l l  
begin i n  middoctober. 
acquired and c a l i b r a t i o n  w i l l  be completed by mid-October. 
of t e s t i n g  is planned f o r  the beginning of November. 
A l l  sampling and ana lys i s  equipment has been 
Start 
A descr ip t ion  of the  test system, t e s t a  planned, and test  procedure 
is presented together  with the program schedule. 
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I. INTRODUCTICM 
1 
This repor t  d e t a i l s  the program progress on NASA Contract 
NAS 8-11337, "Study of Contamination of Idquid Oxygen by Gaseous 
Nitrogen," during the  f i r s t  quar te r ly  report ing period from 1 July 
1964 t o  30 September 1964. 
When nitrogen gas is used as t he  pressurant f o r  IDX ,  i t  is ab- 
sorbed and condensed by the  IDX. This LOX d i l u t i o n  is undesirable 
sinor it produoerr the followin$ e f feo t s t  
1) Makes i t  d i f f i c u l t  t o  maintain constant u l lage  presemre; 
inaccurate  tank-level measurements; 
3) Reduce6 engine performance. 
In  addi t ion,  an i n j e c t o r  t h a t  sus t a ins  s t a b l e  combustion with n i t ro-  
gen-free I D X  could become unstable with nitrogen-contaminated LOX. 
Since ni t rogen gas is employed t o  pressurize  U X  i n  some phases of 
t he  F-1 and 5-2 engine programs, contaminated U X  could produce 
ser ious  e f f ec t s .  
The object ive of t h i s  program is  t o  determine the  extend of I D X  
contamination by gaseous nitrogen pressurant as a function of the 
per t inent  parameters. Both ana ly t iqa l  and experimental s tud ie s  are  
being conducted. 
w i l l  be incorporated i n  the ana ly t i ca l  model t o  obtain an accurate  
l h p i r i c a l  cor re la t ions  of the  experimental data 
method f o r  predicting. the d i lu t ion  of LOX by ni t rogen pressurant gas, 
11. ANALYTICAL STUDY 
,"1. ANALYTICAL MODEL 
One of the  objec t ives  of t h i s  inves t iga t ion  is an a n a l y t i c a l  
model permit t ing the prediction of pressur iz ing  gas requirements 
as a funct ion of time und.er a range of operating conditions.  Since 
the ex ten t  and d i s t r i b u t i o n  of LOX contamination w i l l  be determined 
experimentally, the  ana ly t i ca l  s tudy is intended t o  supplement 
aotual presauriaatlon syetem testing. 
be s u f f i c i e n t l y  de t a i l ed  t o  predict  test r e s u l t s  with reasonable 
accuracy and permit cor re l a t i an  of t e a t  data. 
The a n a l y t i a a l  model should 
The heat  and mass t r ans fe r  processes r e l a t e d  t o  the  gas require- 
ments through a gas-phase energy balance are indica ted  i n  Figure 1. 
The energy balance involves terms for the  following processes: 
a )  the  add i t ion  of enthalpy t o  the system by en ter ing  
pressur iz ing  gas, h , & 
t3e ge' 
b)  the  change i n  i n t e r n a l  energy of t he  gas phase, 
c )  The l o s s  of enthalpy from the  system by mass t r a n s f e r  at 
the gne-lfquid i n t e r f ace  or condensation at the  tank w a l l ,  
d )  t h e  heat t r a n s f e r  from the gas phase t o  the  surroundings, 
i . e . ,  between the gas and l i q u i d  phases and between the  
gas and tank w a l l ,  xig. 
By d e f i n i t i n  H a U + pV/J. 
, 
GN 
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GN 
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- mass flaw rate of entering gas 
= mass trrnsfer rate at interface via condensation or evaporation 
= mass transfer rate by condensation at  tank plall 
- heat exchange rate between l iquid  am3 wall adjaaent to liquid 
= heat exchnge rate between liquid 8x3 liquid surface layer 
Fe 
gTts 
evw 
0 
. 
e 
QXW 
= heat exclmmge rate between gas and liquid surface layer 
4- = heat rate between gas and  all adjacent to gam 
dpvl = heot exchange rate between Iliquid nitrogen bath and dl1  adjacent to l i q x i d  
6, 
Gw = heat exchange rate between surrounding and w a l l  adjacent to g.s 
4 
Since the  propel lant  is not being discharged the re  is no expul- 
- 
s ion  work being done (pV/J = O ) ,  the  energy balance reduces t o  
For a given pressur iz ing  gas i n l e t  temperature and tank pressure,  
therefore ,  p red ic t ion  of t h e  t o t a l  quant i ty  of gas  required f o r  pres- 
su r i za t ion ,  m 
the  gas  phase enthalpy and i n t e r n a l  energy changes, mass t r a n s f e r  at 
, over a given period of time involves determination of 
ge 
the  i n t e r f a c e  and tank w a l l  and heat  t ransfer .  
For a near- ideal  gas,  t he  enthalpy can be represented by c T, P 
i n t e r n a l  energy by c T, and i n t e r n a l  energy change by c T, s ince  c 
and c oan be considered constant over the  temperature ranges 
encountered. 
V V P 
V 
Since two gases  are present  the  per t inent  terms a r e  obtained as 
t h e  sum of the  corresponding terms f o r  each species.  
equations would be used t o  obtain the  changes i n  t o t a l  i n t e r n a l  energy 
The following 
due t o  changes i n  s p e c i f i c  i n t e r n a l  energy and due t o  changes i n  
t o t a l  mass of each gas: 
. 
Solut iolsof  t he  above equations f o r  and T requi res  a knowl- 
t g  t g  
edge of t he  thermodynamic proper t ies  of t h e  gases concerned, the  hea t  
t r a n s f e r  r a t e s ,  mass t r a n s f e r  r a t e s  and pressurant  inflow r a t e  and 
temperature. 
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It w i l l  be assumed t h a t  at any given time the ul lage gas  composi- 
t i o n  and temperature are uniform, t h e  bulk l i qu id  temperature and 
composition a r e  uniform, and t h a t  t he  temperature of the l i q u i d  sur- 
face  a t  any time g r e a t e r  than t=O is the sa tu ra t ion  temperature 
corresponding t o  the  pressure of ni t rogen i n  the ul lage.  
be assumed t h a t  t he  surface layer i s  pure l i qu id  nitrogen, any oxygen 
condensed with the  pressurizing ni t rogen having been added ins tan tan-  
eously t o  the  underlying bulk l iquid.  
It w i l l  
B. COHPUTER PROaRAM 
Par t  of t he  e f f o r t  during t h i s  r epor t  period was devoted t o  con- 
s ide ra t ion  of s eve ra l  p ressur iza t ion  system computer programs a v a i l -  
able at Martin t o  determine which, i f  any, might be adapted t o  t h i s  
a n a l y t i c a l  study. 
"Tank Pressur iza t ion  Program," wr i t t en  f o r  t he  IBM 7094 appeared t o  
be t he  most r ead i ly  adaptable t o  t h i s  appl icat ion.  
makes pred ic t ions  of time h i s t o r i e s  f o r  gas  pressure,  temperature, 
weight, volume and other  per t inent  parameters i n  a propel lant  tank 
during missile operation. 
l a n t  vapor pressure with or without an i n e r t  gas.  When the  program 
was employed t o  descr ibe the  performance of an a c t u a l  pressur iza t ion  
system f o r  a cryogenic propel lant ,  the  ualculated da ta  showed excel-  
lent agreement with t e s t  results. Heat t r a n s f e r  is considered between 
the gas  and l i q u i d  phases, between the gas  phase and the  tank w a l l ,  
and between t h e  tank w a l l  and  t h e  surroundings. 
considered f o r  sur face  condensation or evaporation a t  the  gas- l iquid 
i n t e r f a c e ,  f o r  bulk boi l ing  within the l i qu id  phase and f o r  cloud 
condensation within the gas phase. 
O f  t h e  three programs evaluated, the Martin aD041, 
This program 
It provides f o r  pressur iza t ion  tg prepel- 
Mass transfer is 
7 
Values of C and n (equation 2) determined from curve f i t t i n g  heat 
f l u x  rate versus X f o r  v e r t i c a l  and ho r i zon ta l  su r f aces  and laminar 
as well as turbulen t  flow a r e  ava i l ab le  from standard heat t r a n s f e r  
references. 
2. Mass Transfer 
For the  case of a v o l a t i l e  propel lan t  i n  contact with its vapor, 
the program considers t he  most common types of mass t r a n s f e r  - sur- 
face evaporation and condensation, and condensation at the  tank w a l l  - 
and a l s o  cloud condensation and bulk bo i l ing  of the  l iqu id .  
The sur face  temperature i s  taken as the  s a t u r a t i o n  temperature 
correeponding t o  t h e  p a r t i a l  pressure of t he  vapor above the  surface.  
The d i r e c t i o n  and ex ten t  of surface mass t r a n s f e r  are determined 
from t h e  enthalpy change between phaaes and the  heat t r a n s f e r  rates 
between the sur face  and each phase 
For the case of condensation a t  the  tank w a l l  when the  w a l l  
temperature i s  below the  dew-point of a condensible cons t i t uen t ,  
standard equations f o r  condensing vapors have been modified for use 
i n  the program. 
. 
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3 .  Program Changes and Additions 
The chief  l imi ta t ions  of the computer program re fe r r ed  t o  above, 
i n  its present  form, when considered f o r  appl ica t ion  t o  the  LOX con- 
tamination a n a l y t i c a l  study are concerned with the  assumptions of 
1) 
2) 
a s ing le  component o rpure  l i q u i d  phase, and 
complete and instantaneous mixing of t h e  bulk l i q u i d  v i a  
convective t r a n s f e r  leading t o  a uniform bulk l i q u i d  
temperature, 
The presence of a second condensible gas n i t rogen  i n  the  gas phase 
r equ i r e s  the  addi t ion  of equations descr ibing mass transfer pro- 
cesses involving the  pressurant and t h e  da ta  f o r  pressurant  gas  
and l i q u i d  p rope r t i e s  t h a t  a re  required f o r  t he  so lu t ion  of these 
equations. 
mixing i n  the  gas phase appears reasonable f o r  t he  LOX contamina- 
t i o n  model, extension of  t h i s  assumption t o  the  l i q u i d  phase would 
lead t o  ca lcu la ted  pressurizing gas requirements which are con- 
t r o l l e d  by the  equilibrium data f o r  t he  p a r t i c u l a r  condi t ions of 
propel lant  temperature and ullage pressure.  Experience has  shown 
t h a t  such v a l u e s b a s d  7n the  vapor-liquid equilibrium da ta  f o r  the  
binary system are  fa r  i n  excess of t he  ni t rogen absorption o r  con- 
tamination a c t u a l l y  observed i n  pressur iza t ion  when precautions 
are taken t o  avoid d i r e c t  impingement of en te r ing  pressurant on 
the  l i q u i d  sur face  o r  o ther  condi t ions leading t o  l i q u i d  turbulence,  
The equilibrium value of nitrogen i n  LL)X f o r  given condi t ions of 
I O X  temperature and tank pressure represents  an upper bound not  
l i k e l y  t o  be approached under s t a t i c  condi t ions,  Apparently, the 
a b i l i t y  of the  main body of l i qu id  t o  exchange hea t  energy with 
W i l e  the assumptions of complete and instantaneous 
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the  gas  phase i s  l imi ted  by the low thermal conductivity of t he  
l iqu id .  Bowersock a n d  Reid (2) po in t  ou t ,  however t h a t  temperature 
measurements made i n  and near  the l i q u i d  surface during pressuriza-  
t i o n  of cryogenic l i q u i d  storage tanks,  have shown temperature - 
depth g rad ien t s  t o  be smaller than would be predicted from treat- 
ment of t h e  bulk l i qu id  as a semi- inf ini te  s l a b  whose sur face  temp- 
e ra tu re  w a s  increased instantaneously from the  b u l k  temperature t o  
the  sa tu ra t ion  temperature at a new ul lage  pressure.  This  d i s -  
crepancy i s  believed t o  be the  r e s u l t  of an increase i n  hea t  f l u x  
due t o  t h e  presence of some convective hea t  t r ans fe r  accompanying 
the  conductive t ransfer .  To more u lose ly  approximate t h e  hea t  
flow t o  t he  l iqu id ,  Bowersock and Reid proposed a llfilm model," 
In  t h i s  model t he  o r i g i n a l  l i qu id  sur face  i s  assumed t o  remain at 
the  bulk temperature and the  rate of hea t  t r a n s f e r  is assumed t o  
be l imi ted  by conduction through t h e  f i lm of l i q u i d  condensed on 
the  o r i g i n a l  l i q u i d  surface.  
f o r  t h e  hea t  t r a n s f e r  t o  the  bulk l i q u i d  
b 
The following expression was derived 
The propor t iona l i ty  constant,  r, provides f o r  modification of t he  
theory t o  f i t  ex i s t ing  data ,  thereby allowing f o r  va r i a t ions  i n  
system parameterse f l u i d  propert ies ,  p ressur iza t ion  l e v e l s  
and time. 
The computer program $DO41 w a s  designed f o r  use with systems 
operat ing over the  r e l a t i v e l y  narrow pressure range of ambient t o  
150 psia.  
e r t i e s  /cc and k, and on p and Z is small over t h i s  range, the  
e f f e c t  of pressure on these proper t ies  has  been neglected i n  the 
Since t h e  e f f e c t  of pressure on the gas  t r anspor t  prop- 
P B ~ U  n - 1  
i n t e r e s t  of s impl ic i ty ,  
Over the  range of pressures t o  be  considered i n  t h i s  study up 
t o  5000 ps ia ,  however, the e f f ec t  of pressure on these  gas proper- 
t i e s  must be taken i n t o  account. Adaptation of t he  Computer program 
will requi re  inc lus ion  of equations which compute the gas  p rope r t i e s  
as a funct ion of pressure as well as temperature. 
Expressions f o r  the  var ia t ion  of v i scos i ty  and thermal conduc- 
t i v i t y  of gasea with temperature and pressure have been developed 
at the  Martin Company (3). 
equation is 
For the  aoe f f i c i en t  of v i scos i ty  the  
P 273.2 OK, Po I 1 atm. 14.7 p s i  To 
I 
i o2 
micropoiaea 
192 33 119.9 cro 0.00430+ 1.OOO 
165.85 90.0 92.9 0.00550 0.9782 
A similar expression appl ies  t o  t h e  coe f f i c i en t  of thermal 
conduct ivi ty  
icm-sec-OK 
The compressibi l i ty  fac tor ,  Z ,  at high preeerures w i l l  be deter-  
mined from Emhog's dense gals theory using v i s c o s i t i e s  a t  high pres- 
sure~) ca lcu la ted  a B  indioated above. 
equation of state t o  insure  the compat ib i l i ty  of the compressibi l i ty  
and dens i ty  data.  
This  w i l l  r equi re  use of t he  
For the determination of specific heat, at elevated p e a -  
"P' 
sures ,  a r e l a t ionsh ip  between C and Prandt l  number is being sought 
i n  order  t h a t  t he  elevated pressure k and k d a t a  obtained ae indi -  
ca ted  above can be used i n  evaluat ing C 
P 
from the  expression 
P 
P C  A .  
NPr p k 
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C ,  FLTURE EFFORT 
When the  modifications and addi t ion8  described i n  the  preceding 
sectior. have been made t o  the computer program being adapted f o r  
t h i s  study, the  preliminary ana ly t i ca l  model and modified program 
w i l l  be checked by comparison of ca l cu la t ed  pressur iz ing  gas 
requirements with test  da t a  taken i n  e a r l y  runs i n  the  t e s t  phase 
of the study. Based on the  r e s u l t s  of such comparisons, re f ine-  
ments w i l l  be made i n  the  a n a l y t i c a l  model and t h e  associated 
computer program u n t i l  ca lcu la t ions  based on the  model agree 
s a t i s f a c t o r i l y  with t e s t  data,  
111. EXPERIMENTAL PROGRAM 
A ,  OBJECTIVES 
The object ive of  t h c  experimental program is t o  provide aicurate 
data  f o r  co r re l a t ion  with the a n a l y t i c a l  model on the contaniwr ' c r !  of 
Liquid Oxygen by Gaseous Nitrogen. 
pr imari ly  determined by experimentation because of the many complex 
processes involved which a r e  not amenable t o  d i r e c t  t heo re t i ca l  analysis, 
The ex ten t  of contamination must be 
Be DESCRIPTION OF SYSTEM 
The experimental system to be used i n  conducting the planned 
26 t e s t  runs is  shown i n  Figures 2 and 3 Q  
configurat ions,  one spherical  and one cy l inder ica l ,  have been designed 
and fabrioated i n  order t o  obtain information on the e f f e c t s  of tank 
configurat ion on contamination. 
Two d i f f e ren t  inner  tank 
The spherical  tank, with an ins ide  diameter of 24 inches, has 
a volume of approximately 4,2 cubic feet, 
pressure of 5000 ps ig  per the ASME code f o r  unfired pressure vessels ,  
The cy l inde r i ca l  tank has the same diameter and cons is t s  of a one foot 
barrel sec t ion  and two e l l i p t i c a l  heads, Overall length is 2.5 feet. 
This tank has a working pressure ranging from 0 ps i a  t o  100 psig. 
pierce points  have been incorporated i n  each tank, f i v e  i n  the top dome 
and one i n  the bottom. Loading and draining operations w i l l  be con- 
duoted through the bottom port with a l l  other  functions aocomplished 
through one o r  more of the five top ports.  Temperature and l i qu id  
l eve l  of the LOX w i l l  be monitored with two thermocouple rakes but an 
addi t iona l  port  has been incorporated f o r  a f loa t  mechanism should the 
thermocouple technique of l iqu id  l eve l  sensing prove inadequate, The 
two remaining pierce points  are f o r  the sample l i n e s  and the pressur i -  
za t ion  l i n e ,  
It w a s  designed f o r  a working 
S i x  
A second and larger cyl inder ica l  tank i s  used as a l i q u i d  ni t rogen 
This 5ath t o  cont ro l  the  temperature of t he  LOX i n  the smaller vessel.  
tank completely encloses the smaller vessel  and is pressurized t o  con- 
t r o l  t he  boi l ing  point of the contained l i q u i d  nitrogen and consequently 
the LOX temperature. Standardized mountings allow e i t h e r  LOX vessel  t o  
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be used without modifications t o  the tankage, Magnetic f l o a t  switches 
along the  w a l l  of the outer  tank monitor the boil-off rate of the 
nitrogen., 
i n  the jacket ing tank, 
The ni t rogen is replenished remotely through the bottom port  
The vaporized ni t rogen is discharged from the 
tank through a r e l i e f  valve s e t  at the appropriate  pressure l eve l ,  
thereby providing the desired l i q u i d  nftrogen temperature, 
' 
The LOX tank i n  us$-yill b6 pressurized with dry nitrogen gas from 
the  ex i s t ing  f a c i l i t y  supply tanks, 
of two hand regulators  mounted behind the b l a s t  wall (Figure 2) '  
The gas w i l l  be eontrol led by one 
Tem- 
perature conditioning w i l l  be accomplished before tank en t ry  i n  a l i n e  
heat exchanger using e l e c t r i c a l l y  heated air  as the control  f l u id ,  
Flow rates of the  GN w i l l  be measured by one of three flowmeters i n  
p a r a l l e l  t o  provide accurate measurement of ni t rogen gas charged ' to  
the system over the  planned flow-rate range. 
LOX w i l l  be t+en th#xitr(?;h f ive of the  seven sampling l i n e s  positioned 
2 ,  
Samples of the  contaminated 
t o  provide good cross-sectional samples of the  l i qu ido  Seven points  
have been found necessary t o  obtain adequate data f o r  a l l  twenty s ix  
runs due t o  the va r i a t ion  i n  liquid-vapor in te r face  pos i t ion  from run 
t o  run. 
the remaining two w i l l  be capped a t  tkis tank ou t l e t  ports ,  
ment necessary f o r  a typical  sampling point  i s  shown i n  Figure 2, 
of the equipment i n  the  b las t  w a l l  enclosed t e s t  c e l l  is  remotely 
Only f i v e  of these points w i l l  be necessary f o r  any given run, 
The equ.ip- 
A l l  
operated and has s u f f i c i e n t  s a fe ty  provisions t o  r e l i eve  any undue 
pressure bui ld  up, 
procedure sec t ion  of t h i s  chapter; 
A detai led repor t  of t h i s  system is  given i n  the 
Not shown i n  the Figures,  but pre- 
sent  i n  the  test  c e l l  area, is  a gas chromatograph whiuh w i l l  be used 
t o  analyze the samples taken, 
, f .  ' 18 
C. TESTS PLANNED 
Twenty-six t e s t  runs and two checkout runs a re  planned f o r  the 
experimental e f f o r t ,  
gen i n  LOX w i l l  be determined as a funct ion of% 
The amount and d i s t r i b u t i o n  of dissolved n i t r o -  
1) Tank pressure (constant and cycling) over a range from 1 5  
ps i a  t o  5000 psia3 
2 )  LOX temperature; 
3 )  Exposure time; 
4) Liquidlgas volume ra t io ;  
5) Liquidfgas i n t e r f a c i a l  area; 
6 )  Gaseous ni t rogen i n l e t  temperature; 
7)  Tank geometry, 
A l is t  of the  planned test rune with the parameters t o  be held constant 
f o r  each run is given i n  Table I, 
t o  provide information f o r  the ana ly t i ca l  model, 
These tests a r e  s p e c i f i c a l l y  designed 
Three runs with the cy l indr ica l  tank w i l l  be accomplished first, 
preceeded by a checkout run, 
tank system w i l l  follow the  cy l indr ica l  tank tests, 
runs, comprising the  major portion of the experimental e f f o r t ,  w i l l  be 
accomplished last, 
I n s t a l l a t i o n  and checkout of t he  spher ica l  
The spherical  tank 
TABLE I, PLANNED TEST RUNS 
100 
100 
100 
ULLAGE -iiqiiF 
-297 7,02 3014 Ambient 
-29 7 2034 3*14 Ambient 
-29 7 1,OO 3014 Ambient 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
LOX 
vL& 
L I Gaseous Nitrogen n In le t  Temperature 
rg 
100 
500 
1000 
3000 
5000 
100 
500 
5000 
100 
500 
5000 
15 
100 
5000 
15 
100 
5000 
oycl ins* 
oyc l iqp  
100 
100 
100 
SPHEI 
Tg---- 
-29 7 
-29 7 
-29 7 
-297 
-290 
-290 
-290 
-285 
-2 85 
-285 
-297 
-297 
-297 
-297 
-297 
-297 
-297 
-297 
-297 
-29 7 
-29 7 
:AL TANK 
1.00 
1,oo 
1.200 
1"OO 
1000 
1000 
1000 
le00 
1.00 
le00 
2*34 
2.34 
2034 
7,O2 
T002 
7002 
1,oo 
1,oo 
1000 
1,oo 
1000 
"1% Ambient Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
35 
75 
150 
* Pressure will be cycled between 50 and 100 psig for duration of  runo 
NOTES 1, VJV, = Rat io  of LOX volume t o  gaseous nitrogen volume, 
20 As = Liquid/gas interfacial  areao 
D, TEST PROCEDURE 
The t e s t s  w i l l  be conducted according t o  the following general 
procedure. 
t o  conduct t he  t e s t  but does present a comprehensive procedure f o r  
a l l  major functions. 
tes t  group and submitted t o  the program manager f o r  approval before 
the  next monthly report ing period, 
This sequent ia l  list does not contain the d e t a i l  required 
The de ta i led  checkl i s t  w i l l  be prepared by the 
The s t eps  for a typica l  test  run9 refering t o  Figure 2, are:: 
Verify by v isua l  inspection that the  system i s  i n s t a l l e d  
i n  accordance w i t h  the  i n s t a l l a t i o n  drawings, 
Verify that the instrumentation i s  ca l ib ra t ed  a t  ambient 
temperature and pressure and that all  functions are 
operat ing properly, 
Evacuate the inner (LOX) tank through the  sample l i nea  
by opening valves V- -I 2 ,  and 3 9  
Close valve V-1 and load the outer  (bath)  tank with l i q u i d  
ni t rogen through valve V-TO 
the outer  tank during loading operations. 
Loading w i l l  be completed by c l o s i w  Valve V-5 when the 
float switch on the outer  tank wall ind ica tes  the  LN2 l e v e l  
has reached the predetermined l e v e l o  The operations w i l l  
then be put i n  a hold eondi t ion t o  allow the LN2 t o  reach 
the desired temperature which w i l l  be indicated by the 
relief valve RV-1 discharging GN2 
Valve V-4 must be open t o  vent 
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Open Valve V-6 and commence t o  load t h e  premeasured LOX 
i n t o  the inner tank. Terminate loading by closing valve 
V-6 when the  proper quant i ty  of LOX has been loaded a5 
indicated by the  leve l  i n  the tank, 
Take one sample of LOX f o r  ana lys i s  from each of the five 
appl icable  sample points ,  
sampling is presented i n  the last half of t h ig  sect ion) .  
Pressurize the LOX tank as follows: 
(a de ta i l ed  procedure f o r  
HOTE: If 
7
Close valves V = 7 $  10, 119 12 and 13* 
Open valves  V-8 and 9 0  
Actuate the  hea t  exchanger, m-1 
Slowly open regula tor  V-12 with Hand Loader HL-1. 
V-12 should be brought up t o  f u l l  pressure slowly 
so as not t o  overspeed the  flowmeter9 FM-1. 
When V-12 has reached f u l l  pressure and flow has 
dropped t o  5$ of  f u l l  scale on FM-1 open valve V-10 
and alose V-9 switching flow through the smaller 
flowmeter FM-2. 
flow should drop t o  574 of f u l l  soale  on FM-z9 repeat 
the s d t c h i n !  clpratlon t o  bring FM-jl i n t o  usec 
(9.) When tank pressure has reached the f u l l  test l e v e l ,  record 
the  t i m e  and take samples of the LOX f o r  later analysis ,  
Take samples every subsequent hour for the  remainder of 
the run. 
At the end of the ran, olose reggla tor  V-12 and vent the  
LOX tank through valve V-130 
Unload the LOX through valve V-6 i n t o  the catch r e se rvo i r  
outs ide of the immediate t e s t  area, 
(10,) 
(11.) 
(12,) 
. h .1 
(13.) Unload the l i q u i d  n i t rogen  i n  the outer  tank i n t o  a 
similar reservoi ro  
Close down the system and make a v i sua l  inspect ion of 
the equipment . 
(14,) 
The LOX sampling system has been designed f o r  this p a r t i c u l a r  
app l i ca t ion  and is the c r i t i c a l  element i n  the test. Care has been 
taken i n  designing the system t o  assure representa t ive  samples, but 
procedural juggling w i l l  be necessary i f  the  system i s  t o  be used 
co r rec t ly ,  
run is as follows. 
The i n i t i a l  procedure t o  be attempted on the first checkout 
(1) Place the snap sampler i n  the pressure lock i n l e t  with valve 
HV-3 i n  the open posit ion.  
Open valves V-2, V = 3 $  HY-1, and HV-2 and evaauate the 
system up t o  valve9 V-1, 
Close valves V-2 and HV-2. 
Open and close valve V-1 t o  l e t  a small sample of LOX i n t o  
the sample l ines .  After vaporizat ion a predetermined 
pressure reading on gauge P-1 w i l l  ind ica te  that the sample 
l i n e  i n  the tank has been completely purged, 
Evacuate the system through Valve V-2 and W-2. 
Close valves V-2 and HV-2 and open and c lose  valve V-1 
t rapping a representat ive sample of LOX, 
Allow t he  sample t o  vaporize and come t o  room temperature. 
Trap a sample i n  the snap sampler and r e t r a c t  the stem from 
(2) 
(3) 
(4) 
( 5 )  
(6) 
(7) 
( 8 )  
IN-3 0 
(9 )  Close HV-3 and open HV-2 unti l  gauge P-1 ind ica tes  ambient 
pressureo 
Remove the snap sampler and analyse the gas traFped, 
After  ana lys i s  of the sample r e i n s t a l l  the snap sampler i n  
the system and open valve W-3. 
system f o r  the next sampling, 
(10) 
(11) 
This w i l l  prepare the 
Minor modifications i n  this prooedure will be necessary a s  the 
peculiari t ies of the system are discovered through useo 
E ,  PROGRESS TO DATE 
The e f f o r t  expended on the experimental por t ion  of the program 
during the  first quar te r  w a s  concentrated on designing the system and 
procuring. components, 
series CFL610077X) with only minor areas amenable t o  modification, 
These areas are subject  t o  the requirements of the analytical model; 
consequently design provisioner have been incorporated f o r  some la ter  
modifiuation without excess cost  or schedule sl ippage, An example of 
t h i s  type of designing is found i n  the probe used t o  obtain samples 
from the LOX tank. 
of t he  probe inlets  w i l l  not be f ixed unt i l  j u s t  p r i o r  t o  t e s t ing ,  
The design has been completed (Martin drawing 
The probe w i l l  be fabr ica ted  but the exact pos i t ions  
Component de l ivery  dates extend through O c t .  17* However, 90s 
of the components w i l l  be on hand by Oct. 8 allowing build t o  begin 
Oct. 12, Cell 2 of the  Cold Flow Laboratory has been cleared of past 
test  equipment and the tank mounts have been welded i n  pos i t ion  i n  
preparation f o r  tank delivery and i n s t a l l a t i o n ,  
A l l  sample ana lys i s  equipment has been procured and i s  ready f o r  
ua l ibra t ion ,  
aa t i s fao tory  performance w i l l  be obtained and the desired accuracy 
w i l l  be achieved, The gas chromatograph, a Beckman Model GC-2, is  i n  
pos i t ion  and ca l ib ra t ion  equipment has been set  up with the exception 
of a vacuum pumpQ 
Preliminary aheckout runs with samples of a i r  ind ica te  
The pump is being cleaned as part of the proceee in 
making it  compatible w i t h  gaseous oxygen, 
chromatograph w i l l  be accomplished p r i o r  t o  aompletion of the  t e s t  
system i n s t a l l a t i o n ,  
Cal ibrat ion of  the gas 
IV. PROGRAM SCHEDULE 
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V. NOMENCLATURE 
a P 
e =  
C =3 
P 
C z 
V 
H a  
h =  
J =  
k -  
L =  
M =  
N =  
Pr 
n n 
P "  
& =  
R =  u 
r mz 
8 P 
T E  
t . .  
u . .  
u ri 
v 5  
V Q 
x 9  
2 -   
area 
acceleration 
Constant 
specific heat capacity at constant pressure 
specific heat capacity at constant volume 
total enthalpy 
specific enthalpy, or heat transfer coefficient 
Joule constant 
thermal conductivity 
length 
molecular weight 
mass 
Prandtl number 
number of moles 
pressure 
heat quantity 
universal gas oonstant 
proportionality constant 
entropyp or Sutherland constant 
temperature 
time 
total internal energy 
specific internal energy 
total volumeo or velocity 
specific volume 
product of Grwhof and Prandtl numbers 
compressibility factor 
p P thermal coef f ic ien t  of volumetrio expansion 
f = constant i n  equation f o r  v i s c o s i t y  and thermal conduc- 
t i v i t y  a t  high pressures 
A E absolute v iscos i ty  
/3 = m a s s  densi ty  
subscr ip ts  
C P condensation (e ,g . ,  Qcw) 
e = enter ing  
f = f i l m  
g = gas 
i x i n i t i a l  
2 = l i q u i d  
8 P s t a t i o  o r  surface 
t I tank or t o t a l  
V = vapor or  vaporization 
superscr ip ts  
0 P first der ivat ive with respect  t o  t h e  
n P exponent 
. 
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